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Abstract
Background: Breathlessness is a common presentation in primary care, but GPs may not always record a diagnosis. 
[bookmark: _GoBack]Aim: To assess long-term risk of diagnosed COPD, asthma and IHD, and mortality in patients with undiagnosed breathlessness.
Design and Setting: Matched cohort study set within the Clinical Practice Research Datalink. 
Method: Adults with first recorded breathlessness between 1997–2010 and no prior diagnostic or prescription record for IHD or a respiratory disease (‘exposed’ cohort) were matched to an ‘unexposed’ cohort. Analyses were adjusted for socio-demographic and co-morbid characteristics.  
Results: 75,698 ‘exposed’ patients were followed for a median of 6.1 years, and more than a third subsequently received a diagnosis of COPD, asthma or IHD. In those who remained undiagnosed after six months, there were increased long-term risks of all three diagnoses compared to the ‘unexposed’ cohort. Adjusted hazard ratios for COPD ranged from 8.6 (95%CI 6.8, 11.0) between 6-12 months to 2.8 (2.6, 3.0) after 36 months (asthma 11.7 to 4.3; IHD 3.0 to 1.6). Risk of long-term diagnosis remained higher in the ‘exposed’ cohort with no relevant prescription in the first 6 months, and approximately half of all future diagnoses were made in such patients. Risk of earlier mortality (all-cause and disease-specific) was higher in the ‘exposed’ cohort.
Conclusion: Undiagnosed breathlessness can be an indicator of later COPD, asthma and IHD, and is associated with earlier mortality. There is potential for improved identification at first presentation in primary care of those at high risk of future disease, with careful assessment, appropriate intervention and pro-active follow-up and monitoring.
Keywords: Dyspnoea, Chronic Obstructive Pulmonary Disease, Asthma, Ischemic Heart Disease, Primary Health Care, Electronic Health Records.
How this fit in
The prospective picture of what happens in the future to patients who present with initial breathlessness in primary care but not given a diagnostic label for their symptom was not known. This study shows that future disease burden of COPD, asthma and IHD is high and earlier mortality is increased in patients presenting undiagnosed breathlessness. In those who receive no relevant prescription in the first 6 months, the increased risk of future diagnoses of COPD, asthma and IHD remains, which may represent a missed opportunity for early management. Our findings suggest the potential for more and detailed investigation and monitoring to better confirm or rule out COPD, asthma and IHD, and for early intervention among patients presenting with breathlessness. 






Introduction
Early diagnosis of chronic disease, with the possibility of early intervention, could deliver significant health benefits.1-5 For example, early recognition of chronic obstructive pulmonary disease (COPD) and intervention with smoking cessation could have major health benefits for the patient,6-8 whilst timely intervention with appropriate medication in asthma alleviates symptoms and reduces emergency admissions in adolescents and adults.9
In UK primary care, problems, including disease labels, are generally recorded using the ‘Read’ system of codes.10 The primary care clinician may record a symptom in medical records when patients presenting with this symptom at first presentation, if he/she is unsure of the underlying diagnosis, or believe the symptom represents a minor or self-limiting illness. The act of labelling a consultation with a symptom rather than with the underlying (unknown) diagnosis may affect the management and outcome of that patient. The use of a diagnostic record may flag up specific management strategies. For example, coding a patient as heart failure or ischaemic heart disease (IHD) will mean that the clinician is likely to initiate specific treatments and review patients in line with single disease guidelines, and, in England, the Quality and Outcomes Framework (QOF).11 
Breathlessness is a common respiratory symptom. The prospective picture of what happens in the future to patients who present with initial breathlessness in primary care but not given a diagnostic label for their symptom was not known. The objectives of this study were to assess long-term risk of diagnosed COPD, asthma and IHD, and all-cause and disease-specific mortality in patients with a new recorded symptom in primary care of breathlessness, compared to patients without such a symptom.
Method
Database
This was a cohort study set within the Clinical Practice Research Datalink (CPRD).12 Diagnoses recorded in CPRD have been validated in a wide range of diseases, including respiratory and circulatory conditions.13,14
For this study, practices included (n=360, all from England) were those with linkage to hospital inpatient information (Hospital Episode Statistics, HES), neighbourhood deprivation (Index of Multiple Deprivation 2010, IMD2010) and mortality (via the Office of National Statistics, ONS) data. Similar characteristics in respect of patient demographics, years of follow-up and prescribing behaviour have been shown in practices with and without such linkages.15
Participant identification
All individuals aged 18 years and over with a first coded record of a breathlessness symptom during 1997–2010 were identified as the ‘exposed’ cohort. Prior to the first breathlessness code, patients included in this ‘exposed’ cohort had no diagnostic record of COPD, asthma, IHD or other respiratory disease. Furthermore, patients had no prescription record of medications for COPD, asthma or IHD in the 2 years prior to the first breathlessness symptom. The date of first coded breathlessness symptom was defined as the index date. 
An ‘unexposed’ cohort was matched 1:1 by year of birth, gender and practice to the ‘exposed’ cohort. The ‘unexposed’ cohort did not have a prior recorded breathlessness symptom, a prior diagnosis of COPD, asthma, IHD or other respiratory disease, or prescription record of medications for COPD, asthma, or IHD for the 2 years prior to the index date of their matched ‘exposed’ patient. They were given the same index date as their matched exposed patient.
‘’The matched ‘exposed’ and ‘unexposed’ cohorts were followed forward from index date until earliest of 31st March 2014 or the date they no longer contributed to CPRD (e.g. due to death, leaving the practice, the practice leaving CPRD).
Outcomes
New diagnoses of COPD, asthma and IHD were defined as the first recording of these conditions in either CPRD or the linked hospital inpatient data within the follow-up period. They were analysed separately so a patient could have multiple outcomes. COPD, asthma and IHD were identified using Read codes and these Read codes were mapped to International Classification of Diseases v10 codes in the linked HES dataset to enable outcome identification from inpatient hospital information as well as primary care. Read codes used are available from www.keele.ac.uk/mrr.
Mortality information, including date and cause, was obtained from the linked ONS data. COPD and IHD-related as well as all-cause mortality were determined. Asthma-related mortality was not studied because of its rarity.
Covariates
Covariates thought to be potentially related to both the recording of exposure symptoms and outcomes were year of index date, age, gender, geographical region, smoking status, alcohol consumption, body mass index (BMI), neighbourhood deprivation, other recorded respiratory symptoms (cough, sputum), recorded inflammatory conditions (rheumatoid arthritis, gout, polymyalgia rheumatica, inflammatory bowel disease, systemic lupus erythematosus, spondyloarthritis), common mental health disorders (depression, anxiety), diabetes, non-specific chest pain, musculoskeletal pain, and the total number of co-morbid conditions.
Smoking and alcohol information were classified as ever smoked/drunk alcohol, never or missing, based upon data recorded prior to index date. The missing category was included to maximise the numbers in the analysis. The BMI value used was the most recent record before index date, and was grouped into <25, ≥25 kg/m2 (overweight), or missing. Neighbourhood deprivation level was based on IMD2010, a weighted measure of deprivation across seven domains for geographical areas.16 This was categorised based on quintile score (1 least, 5 most deprived). Repeating analyses excluding patients with missing data on covariates gave similar results.
Cough, sputum and the specific co-morbidities were defined through Read code extracted from patients’ consultation records in the 2-year period prior to index date. The total number of prescriptions for drugs recorded under different British National Formulary sections in the 2-year period prior to index date was used as a surrogate measure of the number of co-morbid conditions at baseline. This has been shown to be as predictive of health outcomes as more complicated comorbidity measures.17
Primary care management
As a measure of primary care management, prescribed medications for COPD, asthma and IHD in the first six months after the index date (and before any relevant diagnosis) were identified. A six-month period was thought to be a sufficient time window to ensure that a diagnosis resulting from the initial symptom presentation found its way into the record, for example, in order to allow time for relevant investigations. 
Medications relevant to COPD, asthma and IHD were identified through consensus of two academic primary care physicians (RH and CC-G). Two lists were compiled: 1) drugs used only for management of COPD/asthma or IHD (the narrow list), and 2) drugs used for COPD/asthma or IHD and possibly used in other conditions (the broad list). It was not possible to determine separate medication lists for COPD and asthma as these conditions often coexist in the same patient.18,19 The narrow list was used to exclude individuals with previous evidence of COPD, asthma or IHD before index date when identifying the study cohorts (as described above). The broad list was used to determine whether patients received medications relevant to COPD/asthma or IHD after the index date within the ‘exposed’ cohort. The broad list therefore generates a conservative estimate of patients who did not receive any relevant management. Medication lists are available from www.keele.ac.uk/mrr.
Statistical analysis
The rates of new diagnosis of COPD, asthma, IHD, all-cause and disease-specific mortality per 10,000 person-years at risk were determined in both ‘exposed’ and ‘unexposed’ cohorts, stratified by time from index date. 
We defined the first six months after index date as the ‘diagnostic window’. We expected the risk of future diagnosis to vary by length of time from index date, and so we split the follow-up time from six months onwards into three periods: 6-12 months, 12-36 months, and more than 36 months after index date in those with no diagnosis by the start of the relevant period. Cox proportional hazards regression was used to produce both unadjusted and adjusted hazard ratios (HR) for each of the three disease outcomes separately, estimating the excess risk of each outcome diagnosis associated with a first presentation of breathlessness symptom. The validity of the proportional-hazards assumption was tested using Schoenfeld residuals and deemed adequate for the exposure variable. In the final models, all covariates were included as confounding factors for adjustment. We also stratified by smoking status (since smoking is a major risk factor for the symptom and disease outcomes) as a sensitivity analysis. 
Within the ‘exposed’ cohort, patients who received a relevant prescription in the first six months after index date (and before the date of relevant diagnosis if any) were identified.  All models were repeated to assess the risk of long-term diagnosis in those without any initial relevant prescription or diagnosis in the first six months, compared to the ‘unexposed’ cohort. 
The risks of earlier all-cause mortality between the ‘exposed’ and ‘unexposed’ cohorts were compared using Cox regression models, with diagnosis (the earliest diagnosis of COPD, asthma or IHD) treated as a time-varying covariate. The risks of future disease-specific (COPD or IHD) mortality were assessed using competing-risk models with death from other causes as competing events.
All analyses were performed using STATA 14.2. 
Results
Baseline characteristics
There were 75,698 patients included in each of the ‘exposed’ (recorded first breathlessness symptom) and ‘unexposed’ cohorts (43% male; median age 60 (IQR 46, 72)). The median follow-up times were 6.1 (IQR 3.5, 9.4) and 6.5 (IQR 3.9, 9.7) years in the ‘exposed’ and ‘unexposed’ cohorts, respectively. Characteristics of the two cohorts are given in Table 1 and (for individual comorbidities) Supplementary Table 1. 
Risk of COPD, asthma, and IHD diagnosis  
During the whole follow-up, 35% of patients in the ‘exposed’ cohort were diagnosed with at least one of COPD, asthma or IHD, whereas it was 11% in the ‘unexposed’ cohort (Supplementary Table 2). Kaplan-Meier curves show the higher rates of COPD, asthma and IHD diagnoses during the follow-up in the ‘exposed’ cohort compared to those in the ‘unexposed’ cohort (Figure 1). 
4% of the ‘exposed’ cohort received a diagnosis of COPD (6% asthma, 6% IHD) in the initial six months (diagnostic window). Between 0.1% and 0.4% of the ‘unexposed’ cohort received one of these diagnoses in this 6-month period (Table 2).
In the long-term (>6 months), incidence of COPD in the ‘exposed’ cohort was 139 per 10,000 person-years (asthma 168/10,000; IHD 203/10,000), and in the ‘unexposed’ cohort it was 37/10,000 person-years (asthma 27/10,000; IHD 107/10,000) (Table 2). Long-term excess risk of all 3 diagnoses for those in the ‘exposed’ cohort was evident. This risk reduced over time but remained statistically significant. For COPD the adjusted HR ranged from 8.6 (95% CI 6.8, 11.0) between 6 and 12 months after index date to 2.8 (95% CI 2.6, 3.0) after 36 months. Adjusted HR for asthma ranged from 11.7 (95% CI 9.4, 14.6) to 4.3 (95% CI 3.9, 4.6), and for IHD from 3.0 (95% CI 2.7, 3.4) to 1.6 (95% CI 1.5, 1.7) (Table 2). 
The findings were similar in both strata when stratifying by smoking status (Supplementary Table 3). 
Risk of diagnosis in those with no management within initial six months  
Within the first 6 months after index date (and before any relevant diagnosis), 35% of the ‘exposed’ cohort received COPD/asthma medication, and 34% received IHD medication. In those who received a COPD diagnosis at any time during follow-up, 53% received a relevant prescription in the first six months and prior to a diagnosis, compared with 32% in those without a COPD diagnosis (71% vs. 28% for asthma; 56% vs. 30% for IHD) (Table 3). 
Patients with no relevant prescribing in the first six months after index date still had an increased long-term risk for all 3 diagnoses compared to the ‘unexposed’ cohort, although at lower risk than those who had been prescribed relevant medication (Table 4). This group of patients consisted of 54% of all those subsequently diagnosed with COPD during the long-term (>6 months) follow-up (40% of those diagnosed with asthma; 43% of those diagnosed with IHD).
Risk of all-cause and disease-specific mortality
During the whole follow-up, higher rates of all-cause (289 per 10,000 person-years), COPD (22/10,000) and IHD-related mortality (69/10,000) were observed in the ‘exposed’ cohort compared to the ‘unexposed’ cohort (all-cause 155/10,000; COPD-related 4/10,000; IHD-related 32/10,000). 
In the long-term (>6 months), patients with an initial recorded breathlessness symptom had increased excess risk of all-cause (adjusted HR 1.2 95% CI (1.1, 1.3)), COPD (adjusted HR 1.8 95% CI (1.5, 2.1)) and IHD-related (adjusted HR 1.2 95% CI (1.1, 1.3)) mortality even after adjustment for later diagnosis (Table 5). Mortality risks stratified by age groups (18-59 and 60+) are shown in Supplementary Table 4.
Discussion
This study of over 150,000 primary care patients showed an increased long-term risk of COPD, asthma, and IHD diagnosis, and of earlier mortality among patients presenting with initially undiagnosed symptom of breathlessness. Over a median of 6 years, more than a third of these patients subsequently received a diagnosis of COPD, asthma or IHD. 
The high risk of diagnoses in the first six months is likely to reflect the diagnostic period for the initial presentation of breathlessness to allow time for tests and monitoring of symptoms. However, the majority of patients who received a diagnosis of COPD, asthma or IHD did so after this six month period, which may imply a delay in diagnosis. The higher long-term risks of subsequent diagnosis of COPD, asthma or IHD and of mortality suggest the important prognostic value of this symptom, with one in ten patients receiving a diagnosis more than three years after their initial symptom presentation.
In the first six months after presenting with an undiagnosed breathlessness symptom, one third of the patients received medications related to COPD/asthma and one third IHD medications, which might suggest the GP was considering a diagnosis of more serious illness but had not coded this. However, in those who received no relevant prescription in the first six months, there remained an increased risk of future diagnosis of COPD, asthma or IHD, and approximately half of all future diagnoses were made in such patients. This implies the possibility of a missed opportunity for more investigation of symptom causation and earlier initiation of treatment for COPD, asthma, and IHD.
Breathlessness symptom was associated with all-cause, COPD and IHD-related mortality in the short and long-term. All-cause mortality in the first six months after initial breathlessness symptom was particularly high and it is possible the symptom may be related to an underlying terminal disease. However, there were increased long-term risks for disease-specific mortality, which remained after adjustment for later diagnosis. This indicates that, in addition to being a marker of underlying diseases such as COPD, asthma and IHD, breathlessness remains an independent marker of long-term mortality risk.  
Comparison with previous literature
In this study 12% of those with a newly recorded symptom of breathlessness went on to develop COPD and two community cohort studies found broadly similar results (7-15%) over 5 to 7 years with COPD diagnosis confirmed by spirometry.20,21 In a Swiss cohort 29% of those with shortness of breath followed over 11 years developed incident mild to moderate COPD.22 Another study using CPRD found that more than 20% of patients who were diagnosed with COPD had previously consulted with respiratory symptoms, and more than 40% diagnosed with COPD had already been prescribed a medication, in the 2 years before diagnosis.23 In our earlier case-control study, using a regional primary care database, 20% of those receiving a diagnosis of IHD had a prior code for breathlessness agreeing with our finding in CPRD of 17%.24
Breathlessness was found to be a significant predictor of long-term IHD mortality in a large Norwegian study,25 and a short-term predictor of cardiac arrest and myocardial infarction.26,27 In older people (≥70 years) in the UK community, breathlessness was found to be associated with all-cause mortality after adjustment for baseline COPD and left ventricular dysfunction.28
Strengths and limitations
This study used a large primary care database (CPRD) with previous validation of the identification of recording of COPD.29 The diagnosis recorded is that believed by the GP to be accurate at that time. Breathlessness symptom recorded in the consultation free text was not included. However, it is likely that those with a coded symptom are those with more troublesome symptoms of breathlessness, and those without an obvious reason for the symptom. No attempt was made to grade the degree of breathlessness.
Implications for clinical practice
Our findings lay out clearly and in quantitative terms the potential for more and detailed investigation, assessment and monitoring-over-time in order to earlier confirm or rule out COPD, asthma and IHD, and broad assessment of mortality risk in this common group of patients with breathlessness but no diagnosis. A cluster-randomised controlled trial suggested that targeted case-finding (inviting patients reporting relevant respiratory symptoms for post-bronchodilator spirometry) would improve the identification of people with COPD in primary care.30 In order to directly inform clinical decision-making and primary care policy, the next step is to establish whether realising this potential for early intervention in everyday practice diseases is feasible, benefits patients, and is cost-effective. 
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Heading
Figure 1 Kaplan-Meier curves for first diagnosis of COPD, asthma and IHD for the ‘exposed’ and ‘unexposed’ cohorts

Legends
Red, the ‘exposed’ cohort; Blue, the ‘unexposed’ cohort. At least six months’ follow-up was available for 93% of patients, and 12% of patients had the full 12 years of follow-up (maximum follow-up time, 18 years). Kaplan-Meier curves truncated at 12 years. 
[image: ]
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Table 1 Participant demographic and clinical characteristics at baseline
	
	Patients with a first coded record of breathlessness symptom
	Matched participants
	

	Participants, n
	75,698
	75,698
	matched

	Year of index date, median (IQR)
	2005 (2001, 2007)
	2005 (2001, 2007)
	matched

	Age, n (%)
	
	
	matched

	
	18 - 44
	16,668 (22.0)
	16,668 (22.0)
	

	
	45 - 59
	20,356 (26.9)
	20,356 (26.9)
	

	
	60 - 74
	23,813 (31.5)
	23,813 (31.5)
	

	
	75 and over
	14,861 (19.6)
	14,861 (19.6)
	

	Male, n (%)
	32,195 (42.5)
	32,195 (42.5)
	matched

	Geographical region, n (%)
	
	
	matched

	
	London 
	6,154 (8.1)
	6,154 (8.1)
	

	
	South
	19,592 (25.9)
	19,592 (25.9)
	

	
	Midlands and East
	24,219 (32.0)
	24,219 (32.0)
	

	
	North
	25,733 (34.0)
	25,733 (34.0)
	

	Smoking, n (%)
	
	
	p < 0.001

	
	Non smoker
	40,436 (53.4)
	42,632 (56.3)
	

	
	Ever smoker
	24,740 (32.7)
	19,143 (25.3)
	

	
	Unknown
	10,522 (13.9)
	13,923 (18.4)
	

	Alcohol consumption, n (%)
	
	
	p < 0.001

	
	Non drinker
	8,623 (11.4)
	7,425 (9.8)
	

	
	Ever drinker
	54,991 (72.7)
	52,197 (69.0)
	

	
	Unknown
	12,084 (16.0)
	16,076 (21.2)
	

	Body mass index, n (%) 
	
	
	p < 0.001

	
	< 25 kg/m2
	23,901 (31.6)
	27,054 (35.7)
	

	
	≥ 25 kg/m2
	39,854 (52.7)
	32,194 (42.5)
	

	
	Unknown
	11,943 (15.8)
	16,450 (21.7)
	

	Deprivation level, n (%)
	
	
	p < 0.001

	
	1 (least)
	17,008 (22.5)
	18,231 (24.1)
	

	
	2
	18,123 (23.9)
	19,043 (25.2)
	

	
	3
	15,810 (20.9)
	15,644 (20.7)
	

	
	4
	13,508 (17.8)
	12,772 (16.9)
	

	
	5 (most)
	11,163 (14.8)
	9,929 (13.1)
	

	
	Unknown
	86 (0.1)
	79 (0.1)
	

	Number of co-morbidities, median (IQR)
	6 (3, 11)
	3 (1, 7)
	p < 0.001


IQR, interquartile range; p-value obtained from Chi-squared or from Mann-Whitney U test as appropriate, and where applicable analysis excluded the unknown category (missing data).



Table 2 Incidence of future diagnosis of COPD, asthma or IHD in patients with a first coded record of breathlessness symptom and in the matched participants 
	
	Patients with a first coded record of breathlessness symptom (n=75,698)
	Matched participants (n=75,698)

	Patients vs. 
matched participants

	Time period
	Number with diagnosis (%*)
	Time at risk (person-years)
	Incidence†
	Number with diagnosis (%*)
	Time at risk (person-years)
	Incidence†
	Adjusted‡ hazard ratio 
(95% CI)

	COPD
	
	
	
	
	
	
	

	Diagnostic window (0-6m)
	2,970 (3.9)
	35349.8              
	840.2
	72 (0.1)
	37,188.2            
	19.4
	-

	Long term follow-up (>6m)
	6,141 (8.1)
	441,810.8
	139.0
	1,883 (2.5)
	503,290.6
	37.4
	-

	
	6–12m
	685 (0.9)
	33,467.6             
	204.7
	80 (0.1)
	36,235.7           
	22.1
	8.6 (6.8, 11.0)

	
	12–36m
	1,835 (2.4)
	120,124.0           
	152.8
	364 (0.5)
	133,356.3         
	27.3
	5.3 (4.7, 6.0)

	
	>36m
	3,621 (4.8)
	288,219.2           
	125.6
	1,439 (1.9)
	333,698.6         
	43.1
	2.8 (2.6, 3.0)

	Asthma
	
	
	
	
	
	
	

	Diagnostic window (0-6m)
	4,430 (5.9)
	34,759.7
	1274.5
	80 (0.1)
	37,184.6         
	21.5
	-

	Long term follow-up (>6m)
	6,925 (9.1)
	411,223.4
	168.4
	1,347 (1.8)
	502,628.2
	26.8
	-

	
	6–12m
	1,032 (1.4)
	32,539.8            
	317.2
	89 (0.1)
	36,226.2          
	24.6
	11.7 (9.4, 14.6)

	
	12–36m
	2,335 (3.1)
	115,176.6         
	202.7
	347 (0.5)
	133,251.3       
	26.0
	6.8 (6.0, 7.6)

	
	>36m
	3,558 (4.7)
	263,507.0         
	135.0
	911 (1.2)
	333,150.7        
	27.3
	4.3 (3.9, 4.6)

	IHD
	
	
	
	
	
	
	

	Diagnostic window (0-6m)
	4,430 (5.9)
	34,964.4             
	1267.0
	338 (0.4)
	37,131.6            
	91.0
	-

	Long term follow-up (>6m)
	8,680 (11.5)
	427,498.9
	203.0
	5,240 (6.9)
	489,700.3
	107.0
	-

	
	6–12m
	1,115 (1.5)
	32,864.5            
	339.3
	386 (0.5)
	36,068.3            
	107.0
	3.0 (2.7, 3.4)

	
	12–36m
	2,562 (3.4)
	117,374.1           
	218.3
	1,390 (1.8)
	131,714.2          
	105.5
	1.9 (1.8, 2.1)

	
	>36m
	5,003 (6.6)
	277,260.3     
	180.4
	3,464 (4.6)
	321,917.8     
	107.6
	1.6 (1.5, 1.7)


*Percentage in the total number of patients with a first coded record of breathlessness symptom; or in the total number of the matched participants. †Per 10,000 person-years. ‡Adjusted hazard ratio, adjusted for index year, age, gender, region, ever smoking, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain.






Table 3 Prescription in first six months after index date in patients with a first coded record of breathlessness symptom
	
	
	
	COPD
	Asthma
	IHD

	
	
	
	No. of patients
	No. (%) who received prescription* in first 6 months
	No. of patients
	No. (%) who received prescription* in first 6 months
	No. of patients
	No. (%) who received prescription* in first 6 months

	Medication prescribed†
	
	
	
	
	
	

	In whole cohort
	75,698
	26,055 (34.4)
	75,698
	26,313 (34.8)
	75,698
	25,828 (34.1)

	
	In those received a diagnosis‡
	9,111
	4,810 (52.8)
	11,355
	8,080 (71.2)
	13,110
	7360 (56.1)

	
	
	Diagnosis during 0-6m
	2,970
	1,969 (66.3)
	4,430
	3,918 (88.4)
	4,430
	2,398 (54.1)

	
	
	Diagnosis during 6-12m
	685
	390 (56.9)
	1,032
	784 (76.0)
	1,115
	744 (66.7)

	
	
	Diagnosis during 12-36m
	1,835
	878 (47.8)
	2,335
	1,511 (64.7)
	2,562
	1,591 (62.1)

	
	
	Diagnosis after 36m
	3,621
	1,573 (43.4)
	3,558
	1,867 (52.5)
	5,003
	2,627 (52.5)

	
	In those did not receive a diagnosis‡
	66,587
	21,245 (31.9)
	64,343
	18,233 (28.3)
	62,588
	18,468 (29.5)


*Before the date of diagnosis if diagnosis occurred within first 6 months (pre-diagnosis prescription). †COPD/asthma-related medications regarding COPD and asthma; and IHD-related medications regarding IHD. ‡Diagnosis during the follow-up period.





Table 4 Risk of future diagnosis of COPD, asthma and IHD in patients with a first coded record of breathlessness symptom stratified by prescription management 
	Time period
	Patient group*
	COPD
Adjusted† hazard ratio 
(95% CI)
	Asthma
Adjusted† hazard ratio 
(95% CI)
	IHD
Adjusted† hazard ratio 
(95% CI)

	
	A
	1.0 (referent)
	1.0 (referent)
	1.0 (referent)

	6–12m
	B
	5.6 (4.3, 7.2)
	4.4 (3.5, 5.7)
	2.0 (1.8, 2.4)

	
	C
	16.9 (13.1, 21.7)
	29.0 (23.1, 36.3)
	4.1 (3.6, 4.7)

	
	
	
	
	

	
	A
	1.0 (referent)
	1.0 (referent)
	1.0 (referent)

	12–36m
	B
	4.0 (3.6, 4.6)
	3.7 (3.2, 4.2)
	1.5 (1.4, 1.6)

	
	C
	8.8 (7.7, 10.0)
	14.6 (12.9, 16.5)
	2.4 (2.2, 2.6)

	
	
	
	
	

	
	A
	1.0 (referent)
	1.0 (referent)
	1.0 (referent)

	>36m
	B
	2.3 (2.1, 2.5)
	3.0 (2.7, 3.2)
	1.4 (1.3, 1.4)

	
	C
	4.1 (3.8, 4.4)
	7.7 (7.1, 8.4)
	2.0 (1.9, 2.1)


*Patient group: A – matched (‘unexposed’) participants; B - patients with a first coded record of breathlessness symptom and with no relevant prescribing in first six months after index date and before diagnosis (if any); C - patients with a first coded record of breathlessness symptom and with relevant prescribing in first six months after index date and before diagnosis (if any); Size of patient group: A (n=75,698); B (n=49,643 for COPD; n=49,385 for asthma; n=49,870 for IHD); C (n=26,055 for COPD; n=26,313 for asthma; n=25,828 for IHD). †Adjusted hazard ratio, adjusted for index year, age, gender, region, ever smoking, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain. 









Table 5 Risk of mortality in patients with a first coded record of breathlessness symptom, compared to the matched participants
	
	Time period
	Patients with a first coded record of breathlessness symptom
	Matched participants
	Patients vs. 
matched participants

	
	
	Number of events (%)
	Time at risk (person-years)
	Incidence*
	Number of events (%)
	Time at risk (person-years)
	Incidence*
	Adjusted† hazard ratio‡ (95% CI)

	All-cause
	0–6m
	3,119 (4.1)
	35,962.2
	867.3
	423 (0.6)
	36,801.9
	114.9
	6.0 (5.4, 6.7)

	
	>6m
	11,251 (14.9)
	462,060.6
	243.5
	7,726 (10.2)
	489,616.9
	157.8
	1.2 (1.1, 1.3)

	
	
	
	
	
	
	
	
	

	COPD-related
	0–6m
	78 (0.1)
	35,962.2
	21.7
	5 (0.0)
	36,801.9
	1.4
	11.5 (4.5, 28.9)

	
	>6m
	1,030 (1.4)
	462,060.6
	22.3
	198 (0.3)
	489,616.9
	4.0
	1.8 (1.5, 2.1)

	
	
	
	
	
	
	
	
	

	IHD-related
	0–6m
	452 (0.6)
	35,962.2
	125.7
	70 (0.1)
	36,801.9
	19.0
	4.7 (3.6, 6.2)

	
	>6m
	2,999 (4.0)
	462,060.6
	64.9
	1,625 (2.1)
	489,616.9
	33.2
	1.2 (1.1, 1.3)


*Per 10,000 person-years. †Adjusted for index year, age, gender, region, ever smoking, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain and later diagnosis; Later diagnosis as a time-varying covariate; For all-cause mortality, later diagnosis is the earliest diagnosis of asthma, COPD or IHD. ‡Sub-distribution hazard ratio was used in completing risk models for disease-specific mortality (other death was treated as competing events); and hazard ratio in Cox models for all-cause mortality. 




Supplementary Table 1 Other covariates (co-morbid conditions) measured at baseline
	
	Patients with a first coded record of breathlessness symptom
	Matched participants
	

	Participants, n
	75,698
	75,698
	matched

	Respiratory symptom, n (%)
	
	
	

	
	Cough
	18,099 (23.9)
	6,149 (8.1)
	p < 0.001

	
	Sputum
	1,206 (1.6)
	305 (0.4)
	p < 0.001

	Inflammatory condition, n (%)
	
	
	

	
	Rheumatoid arthritis
	479 (0.6)
	261 (0.3)
	p < 0.001

	
	Gout
	979 (1.3)
	707 (0.9)
	p < 0.001

	
	Polymyalgia rheumatic
	544 (0.7)
	298 (0.4)
	p < 0.001

	
	Inflammatory bowel disease
	294 (0.4)
	183 (0.2)
	p < 0.001

	
	Systemic lupus erythematosus
	24 (0.03)
	11 (0.01)
	p = 0.028

	
	Spondyloarthritis*
	153 (0.2)
	79 (0.1)
	p < 0.001

	Mental condition, n (%)
	
	
	

	
	Depression
	4,176 (5.5)
	2,274 (3.0)
	p < 0.001

	
	Anxiety 
	4,513 (6.0)
	2,479 (3.3)
	p < 0.001

	Diabetes, n (%)
	4,780 (6.3)
	3,668 (4.9)
	p < 0.001

	Non-specific chest pain, n (%)
	6,335 (8.4)
	2,343 (3.1)
	p < 0.001

	Musculoskeletal pain, n (%)
	23,020 (30.4)
	15,795 (20.9)
	p < 0.001


*Including ankylosing spondylitis and psoriatic arthritis. p value obtained from Chi-square.

Supplementary Table 2 Incidence of future diagnosis of COPD, asthma or IHD* in patients with a first coded record of breathlessness symptom and in the matched participants 
	
	Patients with a first coded record of breathlessness symptom
n=75,698
	Matched participants
n=75,698
	Patients vs. 
matched participants

	Time period
	Number with diagnosis (%†)
	Time at risk (person-years)
	Incidence‡ 
	Number with diagnosis (%†)
	Time at risk (person-years)
	Incidence‡
	Adjusted§ hazard ratio 
(95% CI)

	Diagnostic window (0-6m)
	11,150 (14.7)
	32,558.2
	3,424.6
	474 (0.6)
	37,100.0
	127.8
	-

	Long term follow-up (>6m)
	15,669 (20.7)
	345,585.7
	453.4
	7,440 (9.8)
	479,856.2
	155.0
	-

	
	6–12m
	2,411 (3.2)
	29,367.1
	821.0
	532 (0.7)
	35,971.7
	147.9
	5.1 (4.7, 5.7)

	
	12–36m
	5,212 (6.9)
	100,528.8
	518.5
	1,959 (2.6)
	130,733.8
	149.8
	3.2 (3.0, 3.3)

	
	>36m
	8,046 (10.6)
	215,689.8
	373.0
	4,949 (6.5)
	313,150.7
	158.0
	2.2 (2.1, 2.3)


*First diagnosed condition if multiple conditions occurred. †Percentage in the total number of patients with a first coded record of breathlessness symptom; or in the total number of the matched participants. ‡Per 10,000 person-years. §Adjusted hazard ratio, adjusted for index year, age, gender, region, ever smoking, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain.














Supplementary Table 3 Incidence of future diagnosis of COPD, asthma or IHD* in patients with a first coded record of breathlessness symptom and in the matched participants, stratified by smoking status
	
	Patients with a first coded record of breathlessness symptom

	Participants from the matched cohort

	Patients vs. 
participants

	Time period
	Number with diagnosis (%†)
	Time at risk (person-years)
	Incidence‡ 
	Number with diagnosis (%†)
	Time at risk (person-years)
	Incidence‡
	Adjusted§ hazard ratio 
(95% CI)

	Ever-smoking subset
	n=24,740
	n=19,143
	

	Diagnostic window (0–6m)
	4,493 (18.2)
	10,284.6
	4368.7
	154 (0.8)
	9,376.7
	164.2
	-

	Long term follow-up (>6m)
	5,821 (23.5)
	99,510.7
	585.0
	2,375
	116,093.4
	204.6
	-

	
	6–12m
	955 (3.9)
	9,090.2
	1050.6
	167 (0.9)
	9,069.0
	184.1
	5.58 (4.71, 6.61)

	
	12–36m
	2,003 (8.1)
	30,364.2
	659.7
	618 (3.2)
	32,711.2
	188.9
	3.41 (3.10, 3.74)

	
	>36m
	2,863 (11.6)
	60,056.3
	476.7
	1,590 (8.3)
	74,313.2
	214.0
	2.18 (2.0, 2.33)

	
	
	
	
	
	
	
	
	

	Never-smoking subset
	n=40,436
	n=42,632
	

	Diagnostic window (0–6m)
	4,995 (12.4)
	17,820.8
	2802.9
	227 (0.5)
	20,918.6
	108.5
	-

	Long term follow-up (>6m)
	7,481 (18.5)
	197,099.7
	379.6
	3,695 (8.7)
	272,711.4
	135.5
	-

	
	6–12m
	1,118 (2.8)
	16,285.1
	686.5
	270 (0.6)
	20,336.7
	132.8
	4.77 (4.16, 5.47)

	
	12–36m
	2,429 (6.0)
	56,565.6
	429.4
	1,012 (2.4)
	74,332.1
	136.1
	2.84 (2.63, 3.07)

	
	>36m
	3,934 (9.7)
	124,249.0
	316.6
	2,413 (5.7)
	178,042.6
	135.5
	2.18 (2.07, 2.30)


*First diagnosed condition if multiple conditions occurred. †Percentage in the total number of ever-smoking patients with a first coded record of breathlessness symptom; or in the total number of ever-smoking participants from the matched cohort. ‡Per 10,000 person-years. §Adjusted hazard ratio, adjusted for index year, age, gender, region, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain. Total number of patients different to 75,698 in each cohort was due to missing data in smoking status.













Supplementary Table 4 Risk of mortality in patients with a first coded record of breathlessness symptom compared to the matched participants stratified by age group
	
	Time period
	Patients with a first coded record of breathlessness symptom
	Matched participants
	Patients vs. 
matched participants

	
	
	Number of events (%)
	Time at risk (person-years)
	Incidence*
	Number of events (%)
	Time at risk (person-years)
	Incidence*
	Adjusted† hazard ratio‡ (95% CI)

	Aged 18-59 years
	
	
	n=37,024
	
	
	n=37,024
	
	

	All-cause
	0–6m
	512 (1.4)
	17,896.9
	286.1
	30 (0.08)
	18,001.4
	16.7
	11.7 (8.1, 17.0)

	
	>6m
	1,467 (4.0)
	251,019.6
	58.4
	685 (1.9)
	253,278.6
	27.0
	1.4 (1.3, 1.6)

	COPD-related
	0–6m
	4 (0.01)
	17,896.9
	2.2
	0 (0.0)
	18,001.4
	0.0
	-

	
	>6m
	117 (0.3)
	251,019.6
	4.7
	11 (0.03)
	253,278.6
	0.4
	2.8 (1.4, 5.6)

	IHD-related
	0–6m
	37 (0.1)
	17,896.9
	20.7
	2 (0.01)
	18,001.4
	1.1
	14.7 (3.5, 61.7)

	
	>6m
	239 (0.6)
	251,019.6
	9.5
	105 (0.3)
	253,278.6
	4.1
	1.6 (1.3, 2.1)

	
	
	
	
	
	
	
	
	

	Aged 60 years and above
	
	
	n=38,674
	
	
	n=38,674
	
	

	All-cause
	0–6m
	2,607 (6.7)
	18,065.4
	1,443.1
	393 (1.0)
	18,800.5
	209.0
	5.6 (5.0, 6.2)

	
	>6m
	9,784 (25.3)
	211,040.9
	463.6
	7,041 (18.2)
	236,338.3
	297.9
	1.2 (1.1, 1.3)

	COPD-related
	0–6m
	74 (0.2)
	18,065.4
	41.0
	5 (0.01)
	18,800.5
	2.7
	9.8 (3.9, 24.5)

	
	>6m
	913 (2.4)
	211,040.9
	43.3
	187 (0.5)
	236,338.3
	7.9
	1.6 (1.3, 1.9)

	IHD-related
	0–6m
	415 (1.1)
	18,065.4
	229.7
	68 (0.2)
	18,800.5
	36.2
	4.7 (3.6, 6.1)

	
	>6m
	2,760 (7.1)
	211,040.9
	130.8
	1,520 (3.9)
	236,338.3
	64.3
	1.2 (1.1, 1.3)


*Per 10,000 person-years. †Adjusted for index year, age, gender, region, ever smoking, ever alcohol drinking, BMI, deprivation level, comorbidity, cough and sputum, inflammatory conditions, depression and anxiety, diabetes, non-specific chest pain, musculoskeletal pain and later diagnosis; Later diagnosis as a time-varying covariate; For all-cause mortality, later diagnosis is the earliest diagnosis of asthma, COPD or IHD. ‡Sub-distribution hazard ratio was used in completing risk models for disease-specific mortality (other death was treated as competing events); and hazard ratio in Cox models for all-cause mortality. 
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